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AMENDMENT and RESPONSE AFTER FINAL OFFICE ACTION 

and 

REQUEST FOR RECONSIDERATION 



Sir: 

In response to the Final Office Action dated May 11, 2005, please amend the above- 
identified application as indicated herein. Applicants respectfully request entry of this amendment 
and reconsideration of the application in light of the amendments to the claims and the remarks 
below. 

Amendments to the Claims are reflected in the listing of claims that begins on page 2 of this 

paper. 

Remarks/Arguments begin on page 6 of this paper. 
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15-33. (cancelled) 

34. (withdrawn) An antx-Moraxella bovis vaccine consisting essentially of a cytotoxin or 
cytotoxin fragment provided in claim 2. 

35. (withdrawn) The vaccine of claim 34 wherein said cytotoxin or cytotoxin fragment is 
formulated in admixture with an adjuvant. 

36. (withdrawn) The vaccine of claim 35 wherein said adjuvant is an immunostimulating 
(ISCOM) matrix. 

37. (withdrawn) The vaccine of claim 36 wherein said ISCOM matrix comprises Quillaja 
saponins, cholesterol and phospholipids. 

38. (withdrawn) The vaccine of claim 37 wherein said cytotoxin or cytotoxin fragment is mixed 
with said adjuvant in a 1 to 1 volume ratio. 

39. (withdrawn) The vaccine of claim 38 wherein 1 ml of the adjuvant is mixed with 1 ml of a 
solution comprising the cytotoxin or cytotoxin fragment. 

40. (withdrawn) The vaccine of claim 39 wherein said solution comprises 0.5 mg/ml of the 
cytotoxin or cytotoxin fragment. 

41. (withdrawn) The vaccine of claim 34, wherein the cytotoxin fragment comprises the amino 
acid sequence depicted by SEQ ID NO: 6. 

42. (withdrawn) The vaccine of claim 41 wherein said cytotoxin fragment is formulated in 
admixture with an adjuvant. 

43. (withdrawn) The vaccine of claims 42 wherein said adjuvant is an immunostimulating 
(ISCOM) matrix. 

44. (withdrawn) The vaccine of claim 43 wherein said ISCOM matrix comprises Quillaja 
saponins, cholesterol and phospholipids. 

45. (withdrawn) The vaccine of claim 34, wherein the cytotoxin fragment comprises the amino 
acid sequence depicted by SEQ ID NO: 13. 

46. (withdrawn) The vaccine of claim 45 wherein said cytotoxin fragment is formulated in 
admixture with an adjuvant. 

47. (withdrawn) The vaccine of claims 46 wherein said adjuvant is an immunostimulating 
(ISCOM) matrix. 

48. (withdrawn) The vaccine of claim 47 wherein said ISCOM matrix comprises Quillaja 
saponins, cholesterol and phospholipids. 

49-50. (cancelled) 

51. (withdrawn) The cell of claim 1, wherein said cell is a bacterial cell. 
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Amendments to the Claims: 

This listing of claims will replace all prior versions and listings of claims in the application. 
Claims that were withdrawn by the Examiner in the Office Action dated May 11, 2005 are shown in 
their amended form following the entry of the Response dated March 29, 2004, and are indicated as 
withdrawn below. Claims 13, 14 and 55 are currently amended. New claims 57, 58 and 59 have been 
added. Support for the new claims and for the amendments to the previously presented claims is 
found in the specification as originally filed, and is discussed further in the REMARKS starting on 
page 6. These amendments are made without prejudice and are not to be construed as abandonment 
of the previously claimed subject matter, or agreement with any objection or rejection of record. 

Listing of Claims: 

1. (withdrawn) A cell that expresses a Moraxella bovis cytotoxin or a cytotoxin fragment 
encoded by a recombinant nucleic acid molecule comprising the nucleotide sequence of 

SEQ ID NO: 1 deposited at GENBANK database under Accession number AF205359 or a modified 
variant thereof, wherein said cytotoxin fragment is specifically bound by an antibody that specifically 
binds a full-length Moraxella bovis cytotoxin encoded by SEQ ID NO: 2. 

2. (withdrawn) The cell of claim 1, wherein the cytotoxin or cytotoxin fragment is obtained, 
purified and isolated from a culture comprising said cell. 

3. (withdrawn) The cell of claim 2, wherein said culture comprises a culture supernatant and 
wherein said cytotoxin or cytotoxin fragment is isolated from the culture supernatant by 
centrifiigation, filtration, concentration and diafiltration. 

4. (withdrawn) The cell of claim 3, wherein said diafiltration produces a diafiltered retentate 
and a diafiltered permeate, wherein said diafiltered retentate is enriched for the cytotoxin or cytotoxin 
fragment relative to the diafiltered permeate. 

5. (cancelled) 

6. (withdrawn) The cell of claim 4, wherein said cytotoxin or cytotoxin fragment causes lysis of 
bovine lymphocyte cells. 

7-11. (cancelled) 

12. (withdrawn) The cell of claim 1, wherein said cytotoxin comprises the amino acid sequence 
depicted by SEQ ID NO: 2 . 

13. (currently amended) An isolated peptide consisting of the amino acid sequence depicted by 
SEQ ID NO: 6. 

14. (currently amended) An isolated peptide consisting of the amino acid sequence depicted by 
SEQ ID NO: 13. 
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52. (withdrawn) The cell of claim 1, wherein said recombinant nucleic acid molecule comprises 
an expression vector. 

53. (withdrawn) The cell of claim 1, wherein said cytotoxin or cytotoxin fragment has a 
molecular weight of about 95 or 98 kDa. 

54. (withdrawn) The cell of claim 4, wherein said diafiltered retentate is fractionated using gel 
filtration chromatography. 

55. (currently amended) A composition comprising a polypeptide, wherein the polypeptide 
comprises a fragment of th e amino acid sequonco of SEQ ID NO: 2, wherein th e fragment is shorter 
than the full length amino acid sequence of SEQ ID NO: 2, and wh e rein the fragment is selected 
from: 

a) a polypeptide fragment that is capable of stimulating antibody production in an animal, 
wherein the antibodies produced by the animal specifically bind the polypeptide of 
SEQ ID NO: 2 and where the polypeptide comprises a subsequence heterologous to the 
M bovis cytotoxin polypeptide of SEP ID NO: 2 ; 

b) a polypeptide fragm e nt that displays bovine lymphocyte cytolytic activit y, wherein the 
polypeptide is shorter than the polypeptide provided bv SEP ID NO: 2 : 

c) a polypeptide fragment that displays hemolytic activity , wherein the polypeptide is 
shorter than the polypeptide provided bv SEP ID NO: 2 ; 

d) a polypeptide fragm e nt that displays coraeotoxic activit y, wherein the polypeptide is 
shorter than the polypeptide provided bv SEP ID NO: 2 : 

e) the fragment of (a) comprising any combination of (b), (c) or (d); 

e I) a polypeptide comprising amino acids 438 through 713 of SEP ID NP: 2 , inclusive^ 
wherein the polypeptide is shorter than the polypeptide provided by SEP ID NP: 2 : 

f g) a polypeptide comprising amino acids 590 through 927 of SEP ID NP: 2 , inclusive* 
wherein the polypeptide is shorter than the polypeptide provided by SEP ID NP: 2 ; 
and, 

g fe) a polypeptide comprising amino acids 643 through 927 of SEP ID NP: 2 , inclusive* 
wherein the polypeptide is shorter than the polypeptide provided by SEP ID NP: 2 . 

56. (previously presented) The composition of claim 55, wherein the composition is 
immunogenic. 

57. (new) The composition of claim 55, wherein said subsequence of the polypeptide of (a) is a 
6xHis tag. 

58. (new) The composition of claim 55, wherein the polypeptide of (b), (c), (d), (e), (f) or (g) 
comprises a 6xHis tag. 
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59. (new) The composition of claim 55, wherein the polypeptide of (a), (b), (c), (d), (e), (f) or (g) 
is a fusion polypeptide. 
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REMARKS/ARGUMENTS 

Status of the Claims 

Applicants thank the Examiner for her assistance in this case and for the phone conference 
that took place on June 29, 2005. With the pending entry of this amendment, the status of the claims 
will be as follows: 

Claims 1-4, 6, 12, 34-48 and 51-54 are withdrawn from consideration. 

Claims 5, 7-11, 15-33 and 49-50 are cancelled. 

Claims 13, 14 and 55 are currently amended herein. 

Claim 56 was previously presented and is unchanged. 

New claims 57, 58 and 59 have been added. 

Thus, the pending claims currendy at issue are claims 13, 14, 55 and 56-59. 

Support for the new claims and the claim amendments is found in the specification. Neither 
the new claims nor the claim amendments introduce new matter. These amendments are made 
without prejudice and are not to be construed as abandonment of the previously claimed subject 
matter or acquiescence to any objection or rejection of record. Applicants respectfully request entry 
of the Amendment and reconsideration of the application in light of the amendments and arguments 
herein. 

Election/Restriction 

Applicants acknowledge that claims 1-4, 6, 12, 34-48 and 51-54 were withdrawn by the 
Examiner in the Office Action dated May 1 1, 2005, as allegedly directed to a non-elected invention. 
Applicants respectfully disagree, and reserve the right to prosecute these claims or similar claims in 
the future. 

Claim Ob jections 

The Examiner objected to claims 13 and 14 because of informalities. Applicants have 
followed the Examiner's suggestion and added the language peptide consisting of the to claims 13 and 
14. Applicants respectfully request that this objection be withdrawn. 

Double Patenting 

The Examiner objected to claims 49 and 50 for alleged double patenting. Applicants 
respectfully disagree. However, solely for the purpose of advancing the prosecution of the present 
application, without acquiescing to the objection, and reserving the right to prosecute these or similar 
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claims in the future, Applicants have cancelled claims 49 and 50. The cancellation of claims 49 and 
50 renders the Examiner's objection moot, and Applicants respectfully request that this objection be 
withdrawn. 

35 U.S.C. §112, First Paragraph 

Claims 55 and 56 were rejected under 35 U.S.C. §112, first paragraph. The Examiner alleges 
that claim 55(e), and thereby also 56(e), lack descriptive support. Applicants respectfully disagree. 
However, solely for the purpose of advancing the prosecution of the present application, without 
acquiescing to the rejection, and reserving the right to prosecute these or similar claims in the future, 
Applicants have amended claim 55 to remove subparagraph (e), thereby rendering the rejection moot. 

35 U.S.C. §112, Second Paragraph 

Claims 55 and 56 were rejected under 35 U.S.C. §1 12, second paragraph. The Examiner 
alleges that claim 55, subparagraphs (f) through (h) are allegedly incomplete for failing to describe 
essential structural relationships. 

Applicants have followed the Examiner's suggestion and amended claim 55 to recite SEP ID 
NO: 2 in renumbered elements (e) through (g) for the purpose of removing any perceived ambiguity 
in the claim. Applicants respectfully request that this rejection be withdrawn. 

35 U.S.C. §102 

Claims 55 and 56 were rejected under 35 U.S.C. § 102(b) as allegedly anticipated by Gray et 
ah (Vet. Microbiol, 43:183-196 [1995]). More specifically, the Examiner states that the reference 
shows fragments of cytotoxin (e.g., figures 2 and 3 in that reference) that inherently have the 
properties of the cytotoxin fragments of claim 55(a). Applicants respectfully disagree. However, 
solely for the purpose of advancing the prosecution of the present application, without acquiescing to 
the rejection, and reserving the right to prosecute these or similar claims in the future, Applicants 
have amended claim 55. 

Claim 55 previously recited an element in the opening lines of the claim, where the 
polypeptide comprises a fragment of the amino acid sequence of SEQ ID NO: 2, wherein the 
fragment is shorter than the full length polypeptide (i.e., shorter than SEQ ID NO: 2). As previously 
written, this element applied to each subparagraph (a) through (h). Claim 55 has been rewritten 
where this element has been removed from the opening lines and applied individually to each of the 
subparagraphs (b) through (g). 
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Claim 55 subparagraph (a) has been amended to add an additional element. This element 
requires that the polypeptide of subparagraph (a) further comprises a subsequence heterologous (i.e., 
not native to or of unrelated origin) to the M. bovis cytotoxin of SEQ ID NO: 2. 

Support for this amendment to claim 55 subparagraph (a) is found in the specification. The 
expression vectors used in the present invention to express recombinant cytotoxin polypeptides result 
in the expression of fusion polypeptides comprising an in-frame 6xHis tag. These vectors are 
pProEXHTa (Life Technologies) used to express the 438-713 cytotoxin fragment (see the application 
at p. 50, line 29) and pT7-7 used to express the 643-927 and 590-927 cytotoxin fragments (see p. 51, 
line 30; and page 61, line 28). These 6xHis tag fusion expression vectors are known in the art. 
Attached at the APPENDIX are the manufacturer's product literature describing the pProEXHTa 
vector and a reference {Acta Biochimica Polonica 48(l):227-232 (2001)) describing the pT7-7 vector. 

The cytotoxin polypeptides provided in amended claim 55 subparagraph (a) require a 
subsequence heterologous to the M. bovis cytotoxin of SEQ ID NO: 2. The specification teaches this 
limitation in the use of the pProEXHTa and pT7-7 expression vectors, which produce polypeptides 
comprising heterologous 6xHis fusion tags. 

In order for a reference to anticipate an invention, the reference must teach each and every 
element of the claimed invention. Gray et al (1995) uses M. bovis cytotoxin isolated from native 
sources. Thus, it is not possible for cytotoxin polypeptides as taught in Gray et al (1995) to comprise 
any heterologous subsequences. Because Gray et al (1995) does not teach every limitation of the 
claim, Gray et al (1995) can not anticipate the claim. 

Applicants have added new claims 57, 58 and 59, which are each dependent on claim 55. 
Claim 57 recites a limitation of the polypeptide of 55(a) where the heterologous subsequence is a 
6xHis tag. Claim 58 recites a limitation of the polypeptide of 55 (b), (c), (d), (e), (f) or (g) where the 
polypeptide comprises a 6xHis tag. Claim 59 recites a limitation of the polypeptide of 55 (a), (b), (c), 
(d), (e), (f) or (g) where the polypeptide is a fusion polypeptide. These new claims are supported by 
the specification at the locations listed above where the use of 6xHis tag expression vectors 
pProEXHTa and pT7-7 are described. 

Applicants have amended claim 55 in subparagraphs (e), (f) and (g). These subparagraphs 
now recite "a polypeptide comprising" the various fragments 438 through 713, 590 through 927 and 
643 through 927 of SEQ ID NO: 2. Support in the specification for polypeptides with these particular 
amino acids has been discussed previously (see the Response filed March 25, 2004). Additionally, 
the specification describes polypeptides comprising these amino acids with the production of 6xHis 
tag fusion polypeptides (see the specification at p. 50, line 29; p. 51, line 30; and page 61, line 28). 
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In view of the current amendment, claim 55 is novel over the prior art, and Applicants 
respectfully request that this rejection be withdrawn. Furthermore, as claim 55 is novel, the new 
claims 57, 58 and 59 are also novel, and Applicants respectfully request that these new claims be 
entered into the record and passed to allowance. 



In view of the foregoing, Applicants believe all claims now pending in this application are in 
condition for allowance. The issuance of a formal Notice of Allowance is respectfully requested. 

If the claims are deemed not to be in condition for allowance after consideration of this 
Response, a telephone interview with the Examiner is hereby requested. Please telephone the 
undersigned at (510) 337-7871 to schedule an interview. 

Quine Intellectual Property Law Group Respectfully submitted, 



CONCLUSION 



P.O. BOX 458, Alameda, CA 94501 

Tel: 510 337-7871 

Fax: 510 337-7877 

PTO Customer No.: 22798 

Deposit Account No.: 50-0893 




Reg. No: 51,162 



Attachments: 



1) 
2) 



APPENDIX with two references; 



A petition to extend the period of response 

A transmittal sheet; and 

A receipt indication postcard. 



for two months; 



3) 



4) 
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Product: pPRoEX™ HT Prokaryotic Expression System 
Cat No.: 10711-018 



Storage Conditions: 4°C 
Size: 10 reactions 



Description : 

The pPROEX HT Prokaryotic Expression System is designed for the expression of foreign proteins in E, coli (I). The protein is expressed fused to a 6 histidine 
sequence (His>6 for affinity purification. The gene of interest is cloned into the multiple cloning site (MCS) of either pPROEX HTa, pPROEX HTb, or pPROEX 
HTc. Upon expression, the histidine sequence is at the amino terminus of the fusion protein. The histidine sequence has a strong affinity for Ni-NTA resin 
matrix (2), making it simple to purify the desired protein (3). The vector also encodes the sequence for the Tobacco Etch Virus (TEV) protease cleavage site (4- 
8). rTEV Protease (Cat No. 1 01 27-0 1 7) can be used to remove the histidines from the fusion protein. 



Component (see notes 1 and 2) Part No. Concentration Amount 

PlasmidpPROEXHTa 50609 0.5 ug^ul lOug 

PlasmidpPROEXHTb 50610 0.5ug/ul 10 ug 

Plasmid pPROEX HTc 5061 1 0.5 ug^ul 10 ug 

Control DNApPROEXHT-CAT 50613 1 ng/ul 15ng 

Ni-NTA Resin Y02281 10 ml 

Column one 



Plasmid dProEX HTa, dProKX HTb. and dProEX HTc: 

The three pPROEX HT vectors contain a 6x histidine affinity tag for ease of purification, a 7 -amino acid spacer arm, the TEV protease recognition site for 
cleavage of the 6x histidines from the protein, and an extensive multiple cloning site. The DNAs differ from each other with respect to their reading frames 
relative to the 6x histidine affinity tag. The trc promoter and lad* gene enable Inducible expression of a cloned gene with IPTG. The plasmlds also contain the 
pBR322 origin of replication, the p -lactamase gene conferring ampicillln resistance (ApO, and the bacteriophage Fl origin of replication (Fl lntergenic 
region) for the synthesis of single stranded DNA in conjunction with the appropriate helper phage (9). These vectors cannot be used for blue/white screening 
In the presence of X-gal. 

Control DNA pPROEX HT-CAT: 

The control DNA pPROEX HT-CAT contains the chloramphenicol acetyl transferase gene (CAT) cloned into the Ehe I site of the plasmid pPROEX HTa. To 
verify that your expression system is operating properly, transform 100 ul of SUBCLONING EFFICIENCY™ DHSa 1 *® Competent Cells (Cat. No. 18265-017) with 
5 ul of the pPROEX HT-CAT plasmid according to the protocol supplied with the cells. These transformants can be selected on plates containing LB + 1 00 jig/ml 
ampicillin. 

Ni-NTA Affinity Resin (see notes 1-3 on page 4 for additional information): 

The Ni-NTA resin is supplied as a 50% slurry in 30% ethanol. Protein purification using this resin is based on the principles of immobilized metal chelate 
affinity chromatography (8). The NTA (nitrilo-tri-acetic acid) ligand occupies four of the six ligand binding sites of Ni 2 *, leaving 2 sites free for interaction with 
the histidines. The resin is reusable 3-5 times. 

GROWTH AND INDUCTION OF RECOMBINANT pPROEX HT CLONES 

Before cloning into the pPROEX HT expression vectors, determine which vector is appropriate so that your protein will be in the correct reading frame. Digest the 
pPROEX HT DNA and the gene of interest with the appropriate restriction endonucleases to preserve the reading frame of the protein, then ligate the DNAs. 
Transform SUBCLONING EFFICIENCY DH5ct Competent Cells (Cat No. 18265-017) or MAX EFFICIENCY® DH10B™ Competent Cells (Cat. No. 18297-010) with 
the ligated DNA (100 ul of cells per cloning reaction) following the procedure specified with the cells. Grow the transformants in LB + 100 ug/ml ampicillin 
overnight, and men isolate plasmid DNA using the standard mini-preparation procedure (11). Verify that the target gene has been cloned correctly before 
inducing the expression of the cloned gene as described below. i\\ 



Small Scale Induction of Recombinant pPROEX HT: 

1 . Inoculate 2 ml of LB media + 1 00 ug/ml ampicillin with a single colony. Incubate the culture overnight at 37°C with agitation., see note 4. 

2. The next day, inoculate 10 ml of LB media + 1 00 ug/ml ampicillin with 0. 1 ml of overnight culture. Grow at 37°C with agitation., see note 4. 

3. When the culture reaches an A590 of 0.5-1 .0, remove 1 ml and centrifuge for 1 min in a microcentrifuge. Discard the supernatant and resuspend the cells in 
100 ul of PBS (Cat. No. 10010-01 5). This will be the uninduced sample. 

4. To the remaining culture, add IPTG to a final concentration of 0.6 mM and continue to incubate the culture as described above. 

5. Remove 1-ml aliquots of cells 1, 2 and 3 h after induction and measure the A590. Centrifuge the cells as above and resuspend the pellets in 100 ul of PBS. 
These will be the induced samples. 

6. Place 0.2 A590 of each sample in a separate microcentrifuge tube and mix with an equal volume of 2X SDS sample buffer [125 mM Tris-HCl (pH 6.8), 
4% (w/v) SDS, 20% (v/v) glycerol, 0.01% (w/v) bromophenol blue]. Boil the samples and analyze them by SDS-poIyacrylamide gel electrophoresis. 

Doc Rev.: 09/01/00 



This product is distibuted for laboratory research use only. CAUTION: Not for diagnostic use. The safety and efficacy of this product 
in diagnostic or other clinical uses has not been established. 

For technical questions about this product, call the Life Technologies TECH-LINE SM [U.S.A. (800) 828-6686]. 

SM 

TECH-LINE is a service mark ol Life Technologies, Inc. 

Form No. 1 8057L @ ***** on Ancyctac* Pacer 
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tordidJnaaJBnaytag apaxar ration iTEV protaasa daavaga s&a 

Saft Sail Spa I Atari topV Xtml Put Xho\ Spfii Kpn\ ^ Hhdffl ^ 

COT CQA CQA OCT CAA CTA QTQ CGGCCG CTT TCG AAT CTA GAG CCT GCA GTC TOG AGO CAT GCG GTA CCA AGC TTG OCT GTT TTQ GCG GAT GAG AGA AGA TTT TCA GCC TBATACAGA 
arg arg arg ala glu lau val arg pro tau iar aap lau glu pro ala val car arg hli ala vat pro aar lau ala vaJ lau ala asp glu arg arg pha aar ala atop 



pPtuEX HTb &a I Afaol 8tmH I EcofU $tu\ 

I 1 1 1 i 1 I 1 

ACAGJJAAACAQACC ATQ TCG TAC TAC CAT CAC CAT CAC CAT CAC GAT TAC OAT ATC CCA ACQ ACC QAA AAC CTQ TAT TTT CAG" QQC GCC ATQ OQA TCC GQA ATT CAA AGO OCT 
RSS mat aar tyr tyr hla hla hla hit hit hla aap tyr aap Ha pro Ihr thr glu aan liu tyr pha girt gty ala mat gly aar gly Ila glu arg pro 

ex Nations affinity tag apaoarraglon rTEV protaasa daavaga atta 



3mI\ Sail Spa) Mtfl NtpV Xba\ Patt Xhol 

I ii 1| 1 I 1 I ll 1 I 1 ( 1 

ACQ TCG ACQ AGC TCA CTA GTC GCG GCC OCT TTC GAA TCT AGA GCC TGC ACT CTC GAG 
thr aar thr aar aar lau val ala ata ala pha glu aar arg ala cya aar lau glu 



Sftil Kpnt KM HI 
I 1 I 1 l 1 

GCA TGC GOT ACC AAG CTT GGC TOT TTT GGC GGA TQA GAG AAG ATT TTC AGC CTQ ATA CAG 
ala cya gly thr lya lau gly oya pha gly gly stop 



pPftoEX HTo 

SMI Mbol SsfflHI EcoRI 
I 1 1 l 1 i 1 

AC AGQAA ACAGACC ATQ TCQ TAC TAC CAT CAC CAT CAC CAT CAC GAT TAC GAT ATC CCA ACQ ACC GAA AAC CTG TAT TTT CAG** GGC GCC ATG CCG ATC CGQ AAT TCA 
RBS mat aar tyr tyr hla hla hla hla hla hla aap tyr aap Ila pro thr thr glu aan lau tyr pha gin gly ala mat gly ils arg asn aar 

6xhfstfdins affinity tag apaoarraglon rTEV pretaaaa daavaga alts 

Still Sail Sail Spa I WW I AtspV Xbal ftfl Xhol Sphl Afril HW PI 



AAG GCC TAC GTC QAC GAG CTC ACT AQT CQCQQCCQC TTT CQA ATC TAQ AGC CTG CAG TCT CGA GGC ATG COG TAC CAA OCT TOG CTQ TTT TOG COG ATG AGA GAA GAT 1 
lya ala tyr val aap glu lau thr aar arg gly arg pha arg Ha atop 



Figure 1. Map and multiple cloning sites of pPROEX HT expression vectors. The schematic of pPROEX HTa (4750 bp) with selected single digestion 
restriction endonucleases is presented. A similar schematic can be drawn for the other two vectors except that pPROEX HTb is 4778 bp and pPROEX HTc is 
4779 bp. The additional bases for pPROEX HTb and pPROEX HTc reflect the insertion of a diagnostic restriction site at the Bst 1107 I site (+). In addition, the 
sites after Hind ffl (*) are shifted by +1 and +2 bases for pPROEX HTb and pPROEX HTc, respectively. The multiple cloning sites (MCS) for the 3 vectors 
are shown above. The sequence for the (his)^ spacer region and recombinant TEV protease cleavage site are underlined. The cleavage with TEV protease 
occurs between the gin and gly and is signified by (**). The shift in reading frame occurs at the BamH I site in each vector. The added base(s) are shown 
in bold. The stop codon for each vector is underlined and italicized. The M13/pUC Reverse 23-Base Sequencing Primer 
(AGCGGATAACAATTTCACACAGG) can be used to sequence clones. The 3 '-end of the oligonucleotide is the AGG of the RBS. 

***There are two Sph I sites in the vectors. 

NOTE: The sequence has not been confirmed by sequence analysis. It was assembled from the known sequence of fragments used to construct the vector. 
The most up-to-date restriction endonuclease information can be found on the Internet at www.lifetech.com. 



Large Scale Induction of Recombinant dProEX HT : 

Using the optimal induction times determined above, scale up the procedure for purification of the protein as follows: 

1 . Inoculate 1 0 ml of LB media + 1 00 ug/ml ampicillin with a single colony. Incubate the culture overnight at 37°C with agitation. 

2. The next morning, inoculate 500 ml of LB media + 1 00 ug/ml ampicillin with 5 ml of the overnight culture. Incubate the culture at 37°C with agitation. 

3. When the culture reaches an A590 of 0.5 - 1 .0, remove a sample prior to induction to serve as an uninduced control. Induce the remaining culture with IPTG 
(to 0.6 mM) and continue to incubate the culture at 37°C based upon the optimal time determined above. 

4. At end of the induction period centrifuge the cells at 10,000 x g for 10 min. Decant the supernatant fluid, determine the wet weight of cells, and store at 
-70°C until ready for protein purification. 

PURIFICATION OF 6X mSTIDINE AFFINITY-TAGGED PROTEINS 

The expressed protein can be purified with either a Tris-based buffer system or a phosphate-based buffer system. In general, proteins purified with the Tris-based 
system have fewer contaminants. However, if your protein is sensitive to pH > 8.0, the phosphate system can be used with satisfactory results. Because the pH of 
Tris buffers vary with temperature, the pH of the Tris buffer system must be determined at the temperature at which the column will run. Phosphate 
buffers are not as sensitive to temperature. 

• Do not use DTT in buffers. This chemical will reduce the Ni 2+ ions. 

• Do not use EDTA or other chelating agents in buffers. These chemicals will chelate the Ni*" ions. 

• When analyzing samples on SDS-polyacrylamide gels, fractions containing imidazole should be heated to 37°C for 1 0 min instead of boiling. This will avoid 
imidazole mediated cleavage of labile peptide bonds. 

Preparation of Extracts 

1 . Resuspend the cells in 4 volumes of lysis buffer [50 mM Tris-HCl, (pH8.5at 4°Q, 5 mM 2-mercaptoethanot, 1 mM PMSF], see note 5. 

2. Sonicate the suspension until 80% of the cells are lysecL Remove 500 ul and save. Label sample as "crack", see note 6. 

3. Remove the cell debris by centrifugarjon. 

4. Transfer the supernatant fluid to new tube. This is your CRUDE SUPERNATANT. 

5. Save the pellet, see note 7. 

Affinity Chromatography 

If using a Tris buffer 

1 . Equilibrate the column with Buffer A [20 mM Tris-HCl (pH 8.5 at 4°C), 1 00 mM KC1, 5 mM 2-mercaptoethanol, 1 0% glycerol, 20 mM imidazole) [see note 
8]. 

2. Maintain a flow rate of 0.5 ml/min. 

3. Load the sample from step 4 (the crude supernatant) on the column. 

4. Wash the column with 1 0 volumes of Buffer A. 

5. Wash the column with 2 volumes of Buffer B [20 mM Tris-HCl (pH 8.5 at 4°C), 1 M KO, 5 mM 2-mercaptoethanol, 10% glycerol] 

6. Wash the column with 2 volumes of Buffer A. 

7. Ehite bound proteins with Buffer C [20 mM Tris-HCl (pH 8.5 at 4°C), 100 mM KC1, 5 mM 2-mercaptoethanol, 10% glycerol, 100 mM imidazole], see note 
8. 

8. Collect 0.5 volume fractions. 
If using a phosphate buffer 

1 . Equilibrate the column with Buffer D [50 mM potassium phosphate (pH 6.0 at 25 0 Q, 300 mM KC1, 1 0% glycerol, 5 mM 2-mercaptoethanol]. 

2. Maintain a flow rate of 0.5 ml/min. 

3. Load the sample from step 4 (the crude supernatant) onto the column. 

4. Wash the column with 10 volumes of Buffer D. 

5. Elute bound proteins with Buffer E [50 mM potassium phosphate (pH 6.0 at 25°Q, 300 mM KC1, 10% glycerol, 5 mM 2-mercaptoethanol, 100 mM 

imidazole]. 

6. Collect 0.5 volume fractions. | ( 
Quick fBatchwise) Purification Protocol 

1. Prepare the Tris buffers A and C. Remember it is critical that pH of Tris buffer be pH 8.5 at 4°C. 

2. Prepare the extract as described above. 

3. Transfer 500 ul of the crude extract to a new tube. 

4. Add 200 ul of a 50% slurry Ni-NTA resin pre-equilibrated with Buffer A, see note 9. 

5. Mix the suspension continuously for 20 min at 4°C. 

6. Centrifuge the suspension for 1 min and transfer the supernatant to new tube. This is the material that does not bind to the resin. 

7. Add 1 ml of Buffer A to the resin. 

8. Mix the suspension for 5 min at 4°C. 

9. Centrifuge the suspension for 1 min and transfer the supernatant to new tube and save. This is the wash fraction. 

10. Repeat Steps 7-9. 

11. Elute the protein with 3x200-ul aliquots of Buffer C. Mix each aliquot with the resin for 5 min, then centrifuge the sample 1 min in a microcentrifuge 
tube. Transfer the supernatant to a new tube. This is the eluted protein fraction. 



REGENERATION OF THE NI-NTA RESIN 



The number of times the Ni-NTA resin can be reused depends on the nature of the samples that have been previously run on the matrix. For best results, only 
purify identical recombinant proteins 3-5 times with the same batch of resin. If the Ni-NTA resin will be used to purify a different recombinant protein, 
regenerate the used resin according to the following procedure. Additionally, if the resin changes in color from light blue-green to brownish gray, use fresh resin 
or regenerate it before using it again. 

Wash the column in the following order with: 

1 . 2 volumes of 6 M guanidine hydrochloride/0.2 M acetic acid 

2. 2 volumes of water 

3. 3 volumes of 2% SDS 

4. 1 volume of 25% EtOH 

5. 1 volume of 50% EtOH 

6. 1 volume of 75% EtOH 

7. 5 volumes of 100% EtOH 

8. 1 volume of 75% EtOH 

9. 1 volume of 50% BOH 

10. 1 volume of 25% EtOH. 

11. 1 volume of water 

12. 5 volumes of 100 mMEDTA,pH 8.0 

13. 2 volumes of water 

1 4. 2 volumes of 1 00 mM NiS04 

15. 2 volumes of water 

16. 2 volumes of 6 M guanidine hydrochloride/0.2 M acetic acid. 

Equilibrate the column in Buffer A or Buffer D, depending on the buffer system to be used with your recombinant protein. 
Quality Control : 

This product has passed the following quality control: Verification of restriction endonuclease sites in the MCS and vector. pPROEX HT-CAT Control 
DNA is tested to ensure the DNA transforms DH5cl Binding capacity of Ni-NTA resin for a His tagged protein is verified at 4-8 mg per 1 ml of resin. 

Notes : 

1 . Vectors and resin are manufactured for Life Technologies* by QIAGEN Inc. 

2. This kit is provided with a license for research use only. Information in respect of licenses to use the products contained in this kit for purposes other than 
research may be obtained from F. Hoffmann-La Roche Ltd., Corporate Licensing, 4002 Basel Switzerland. 

3. Additional Ni-NTA resin may be purchased from QIAGEN Inc., 9600 De Soto Ave., Chatsworth, CA 91 3 1 1 . (800-426-8 1 57). 

4. Lowering the temperature to 20°C-30°C may help stabilize the induction of a given clone and result in higher protein yield. Better induction results are 
generally obtained with fresh bacterial cultures. Inoculation of a culture from a plate that is several days old may give low yield of protein upon induction. 

5. Add freshly-made PMSF to the solution since PMSF loses effectiveness within 30 min of dilution into an aqueous solution. 

6. To calculate % cell lysis, dilute 5 ul of cell suspension prior to soni cation in 995 ul of water and measure the absorbance at 590 nm (= Au^i)- Sonicate the 
cells and dilute 5 ul of sonicated cells in 995 ul of water and measure the absorbance at 590 nm (= A &»] ). The proportion of cells rysed is given by 

% cells rysed = 1 - (A &»]/ A 

7. Some proteins may be insoluble after induction. To determine if a protein is insoluble, resuspend the pellet (-5-10 O.D. of cells) in 1 ml lysis buffer. 
Sonicate to lyse cells and centrifuge for 2 min to pellet cell debris. Decant the supernatant and save on ice (this represents the soluble protein fraction). 
Resuspend the pellet in 1 ml lysis buffer (this is the insoluble protein fraction). Mix (15-25 ul) samples with an equal volume of 2X protein loading buffer 
and electrophorese samples on an SDS-polyacrylamide geL 

8. The salt concentration can be increased to 500 mM to improve protein purity. 

9. The resin is equilibrated as follows: Mix the resin in the bottle well and pipet 1 ml of the slurry into a microcentrifuge tube. Centrifuge the resin for 30 sec 
and remove the supernatant Add 500 ul equilibration buffer (either buffer A or buffer D) and mix well Allow resin to incubate on ice for 5 min. Re- 
centrifuge resin and remove supernatant. Add 500 ul equilibration buffer and mix well Resin is now ready for use. 
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The gag gene encoded protein, p24 of bovine leukemia virus (BLV), was cloned and ex- 
pressed as thioredoxin-6xHis-p24 protein in Escherichia coli. The bacterial cells carrying 
plasmid pT7THis-p24 expressed the protein of 38 kDa that was detected by immuno- 
blotting analysis using anti-p24 monoclonal antibodies and sera from BLV infected cattle 
and sheep* The purified p24 fusion protein was shown to be sensitive and specific for de- 
tection of BLV antibodies in the infected cattle. 



Enzootic bovine leukemia (EBL) is an infectious 
lymphoproliferative disease of cattle, caused by 
the retrovirus: bovine leukemia virus (BLV). Like 
other complex retroviruses the BLV genome con- 
tains the gag, pol and env structural genes and 
regulatory genes [1]. Most of the structural pro- 
teins of BLV are immunogenic but the naturally 
infected animals develop antibodies to env-en- 
coded glycoproteins gp51 and gp30 as well as to 
gag^encoded proteins p24 and pl5 [2]. The anti- 
bodies against p24 and gp51 are predominant [3]. 
BLV protein structure studied with monoclonal 
antibodies revealed the presence of three major 



conformational epitopes, F, G and H in the 
N-terrninal region of gp51 and two epitopes in 
C-terminal region of p24 [4]. 

Since the presence of antibodies to BLV is a con- 
stant and ,early feature of BLV infection, 
serological examination of cattle sera is the best 
method for detection of infected animals. Most 
commonly used serological tests are the agar gel 
immunodiffusion (AGID) and the enzyme-linked 
immunosorbent assay (EUSA). However, vari- 
able results have been obtained by the two meth- 
ods using the p24 or gp51 antigen. The disparities 
were often the result of differences in specificity 
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and sensitivity of the tests used. AGID is less sen- 
sitive and is not useful for detection of antibodies 
to p24 antigen. ELISA has been shown to detect 
both anti-gp51 and anti-p24 antibody with equal 
sensitivity but this method is prone to generate 
non-specific reactions. While in the ELISA the 
non-specific reactions are difficult to distinguish 
from specific ones, Western blot analysis allows 
precise resolution of the two reactions. So far lim- 
ited studies have been performed to confirm the 
usefulness of the immunoblotting assay in the 
routine serological detection of BLV antibodies 
[5, 6]. Recently, the recombinant viral proteins 
have been found to be widely applicable in im- 
munoassays for detection of specific antibodies. 
In particular, the use of the recombinant proteins 
synthesized in E. coli has been well documented 
in retroviral serology [7, 8]. 

In this study, the gag gene of BLV which en- 
codes protein p24 was cloned and expressed as 
thioredoxin-6xHis-p24 fusion protein in E. coli 
The recombinant p24 fusion protein was tested 
for sensitivity and specificity in detection of anti- 
bodies in sera of BLV-infected cattle by Western 
blotting assay. 

MATERIALS AND METHODS 

Plasmida and bacterial strains. Plasmid 
pAMPl and E. coli strain DH5a were purchased 
from Life Technologies. The pT7THis expression 
vector is a derivative of pT7-7 vector (USB) which 
contains the sequence encoding the E. coli 
thioredoxin (Trx) gene and 6 histidine residues 
(6xHis). This sequence is under control of the T7 
RNA polymerase promoter. pT7THis is modified 
by insertion of E. coli Arg-tRNA gene into BgUl 
site to allow the expression of eukaryotic genes 
rich in AGG and/or AGA codons. The multiple 
cloning site at 3 '-end of 6xHis sequence allows the 
insertion of a DNA fragment fused in phase with 
ATG start codon of the trx gene sequence. 

Cloning the gag gene in the expression vec- 
tor. The preparation of plasmid DNA, DNA re- 
striction, agarose gel electrophoresis, cloning and 
transformation of E, coli were carried out accord- 



ing to Sambrook et al. [9]. The gag gene (678 bp) 
encoding the protein p24 was amplified using for- 
ward primer 5'-CCAATCATATCTGAAGGGAA-3' 
and reverse primer 5 '-C AGAAGTGCAGGCTGTT- 
TCA-3' complementary to the BLV provirus se- 
quence previously published [10]. In the 5 '-ends of 
the primers, the extensions of dUMP residues and 
EcoRl and BamEI recognition sites were added to 
the forward and reverse primers, respectively, for 
further cloning and subcloning purposes. DNA 
isolated from FLK cells infected with BLV (kindly 
provided by Dr J. Miller, NADC, Ames, IA) was 
used as the template. The amplified fragment was 
cloned into pAMPl vector using the CloneAmp 
System (Life Technologies) according to manufac- 
turer's instructions. The sequence of the insert 
was confirmed by the di-deoxy termination se- 
quencing (Sanger). The recombinant plasmid 
pAMPl containing the p24 encoding sequence 
was digested with EcoRl and BamEI and the in- 
sert was ligated into the pT7THis expression vec- 
tor digested with the same enzymes and trans- 
formed to E. coli strain B BL21 (DE3). The result 
ing plasmid pT7THis-p24 which, under the con- 
trol of the T7 promoter, expressed thioredoxin 
and a short His tag fused to the N-terminus of 
full-length p24, was isolated. The p24 expression 
was regulated by lac repressor produced by lad 
gene in E. coli host cells. 

Isolation and detection of fusion protein. The 
E. coli BL21 (DE3) carrying plasmid pT7THis-p24 
was grown at 30°C in LB medium [9] containing 
100 fig ml -1 of ampicillin. When the culture had 
reached an, A^qo °f 0*6 the expression of p24 was 
induced by addition of 1 mM IPTG. After 16 h of 
induction the cells were collected, sonicated and 
proteins were extracted with loading buffer (125 
mM Tris/HCl, pH 6.8, 2% sodium dodecyl sulfate, 
9% glycerol, 0.7 M 2-mercaptoethanol, 0.002% 
bromophenol blue). The soluble fraction of cell 
proteins was subjected to SDS/PAGE analysis 
[11]. The p24 fusion protein was purified by metal 
affinity chromatography on a Chelating Sepha- 
rose Fast Flow column (Pharmacia). The 6xHis- 
tagged protein was eluted with linear gradient of 
imidazole (0-0.25 M). In the immunoassay, the 
purified fusion protein p24 was transferred to 
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nitrocellulose membrane (Hybond-C, Amersham) 
by electroblotting and incubated on the filters 
with monoclonal antibodies anti-p24 of BLV 
(BW5C6H11 clone, CER, Belgium) or with bovine 
and sheep sera from BLV-infected and 
BLV-negative animals. The immunoassays were 
carried out as described previously [12]. 

Western blot analysis of sera from BLV in- 
fected cattle. Twenty two serum samples derived 
from cattle of different clinical status 
(lymphosarcoma, persistent lymphocytosis, and 
aleukaemic cattle showing no clinical symptoms) 
were tested by immunoblotting with the purified 
recombinant p24 fusion protein or, with culture 
supernatant- derived semipurified BLV virions 
[12] as test antigen. The results were compared to 
those obtained in the commercial ELISA 
(Synbiotics, France) and AGID (Dr Bommeli, 
Switzerland). 



PAGE analysis (Fig. 1A, lane 1). After purifica- 
tion by metal-chelate affinity chromatography, 
the fusion protein migrated consistently as a sin- 
gle band with the molecular mass of 38 kDa (Fig. 
1A, lane 3). The molecular mass of p24 was in- 
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RESULTS 

A 642 bp fragment of the gag gene containing 
the entire encoding sequence of the 24 kDa pro- 
tein of BLV was amplified and inserted into vec- 
tor pAMPl by using a ligation-independent clon- 
ing system. The plasmids isolated from single 
white colonies of Ampr r transformants were 
screened for the correct insert by restriction anal- 
ysis using EcoRl and BamHI enzymes. Sequence 
analysis of the inserted fragment in the recombi- 
nant plasmid pAMP1.2 revealed 100% homology 
with the corresponding gag gene sequence of BLV 
(GenBank Accession No. M10987). The EcdKU 
BamHI fragment containing the gag gene encod- 
ing protein p24 was then inserted into the expres- 
sion plasmid pTTTHis. The single colonies of 
Amp r transformants of E. coli BL21-DE3 were 
screened for the presence of the recombinant 
plasmids using restriction analysis, and the 
plasmid designated pT7THis-p24 containing the 
EcoRl/BamHI insert of 654 bp was identified. The 
E. coli clone containing pT7THis-p24 expressed 
the fusion protein thioredoxin-6xHis-p24 follow- 
ing IPTG induction. The presence of this protein 
in the cell lysate was demonstrated by SDS/ 



Figure 1. Characterization of BLV recombinant fu- 
sion protein p24. 

(A) The extract of E. coli BL21 pT7Tffis-p24 total proteins 
induced with IPTG (lane 1); fusion protein Trx-6xHis-p24 
purified by metal affinity chromatography (lane 3) sepa- 
rated by 10% SDS/PAGE as described by Laemmli [111 
and stained with Coomassie blue. Positions of molecular 
size markers (lane 2) are given (in kDa) to the left of the 
figures (B) The purified fusion protein p24 separated by 
SDS/PAGE, transferred to Hybond C filter and incubated 
with: anti-p24 monoclonal antibody diluted 1 : 2000 (lane 
1); BLV-infected cattle sera diluted 1:100 (lanes 2-4), 
BLV-infected sheep serum diluted 1:200 (lane 5) and 
BLV-negative cattle serum diluted 1:100 (lane 6). The 
colorimetric reaction was developed after incubation with 
peroxidase-labelled anti-species IgG according to the pro- 
cedure described earlier [13]. 



creased to 38 kDa with the 14 kDa thioredoxin- 
6xHis moiety at the N-terminus. The purified fu- 
sion protein was repeatly obtained at 55 mg/L of 
the R coli culture. 

To analyze BLV-specific immunoreactivity of the 
p24 fusion protein we performed Western blot 
analysis (Fig. IB). Anti-p24 monoclonal antibod- 
ies (Fig. IB, lane 1), bovine sera from BLV in- 
fected cattle (Fig. IB, lanes 2-4) and serum from 
sheep experimentally infected with BLV (Fig. IB, 
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lane 5) specifically and efficiently recognized the 
38 kDa fusion protein. The intensity of the reac- 
tions varied between the antibodies used in the as- 
say, with the monoclonal antibody and sheep se- 
rum being the most reactive, while the cattle sera 
were somewhat less reactive. No reaction was ob- 
served between the p24 fusion protein and serum 
from non-infected cattle (Fig. IB, lane 6). The 
immunoreactivity of fusion protein p24 was 
highly specific, as demonstrated by the absence of 
cross-reaction of BLV-positive sera with thio- 
redoxin moiety expressed in E, coli (not shown). 

After evaluation of the BLV specific nature of 
p24 fusion protein, we determined whether the 
gag encoded protein could be used for the detec- 
tion of anti-BLV p24 antibodies in sera from in- 
fected animals. Twenty two bovine serum samples 
were tested for the presence of BLV antibodies by 
ELISA and AGID. The results were compared to 
those obtained from Western blot analyses based 
on the recombinant protein p24 as antigen. Both 
ELISA and AGID detected only anti-gpSl antibod- 
ies. When the sera were tested by AGID, 18/22 
were positive and 4 were negative. The ELISA 
tests detected anti-p24 antibodies in 20/22 with 
two doubtfull reactions. The latter two sera were 
also negative by the AGID assay. When the 
immunoblotting analysis was used, specific anti- 
bodies were found in all sera tested. All sera from 
clinically and haematologically positive cattle 
were found to be positive in all tests; inconsistent 
results were found only for sera from serologi- 
cally positive animals. 

In the next experiment we tested whether the 
immunoblotting assay with recombinant fusion 
protein p24 could be used as a confirmatory test 
for both AGID and ELISA. Four sera that were 
negative by AGID and gave inconsistent results 
by ELISA were tested with the blotted antigen 
p24, and all were found positive (Fig. 2, lanes 
5-8). When these sera were tested by immuno- 
blotting with the semi-purified virus from 
FLK-BLV cell culture supernatant as an antigen 
the antibodies anti-p24 were detected, however, 
anti-gpSl antibodies were detected weakly or not 
at all (Fig. 2, lanes 1-4). The lack of reactivity 
with gp51 correlated with AGID-negative and 
ELISA- doubtful reactions. 



DISCUSSION 

The use of conventional serological assays in 
BLV diagnosis still give inconsistent results, pre- 
dominantly false-positive or negative reactions. 
Western blot immunoassay has been suggested as 
a suitable confirmatory test [6, 13]. However, the 
use of an appropriate BLV antigen seems to be 
crucial for the usefulness of this method [14]. The 
discrepancy between the results obtained in the 
conventional serological and in the Western blot 
assays regarding the gp51-binding antibodies has 
been reported previously [15, 16]. Although in 
sera from the infected animals the reaction with 
gag-related protein p24 is very clear, the reaction 
against gp51 may be weaker or absent. The lack of 
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Figure 2. Western blot analysis of sera from 
BLV-infected cattle using different antigen prepara- 
tions. 

A sucrose gradient-purified BLV virus from FLK-BLV cell 
culture supernatant (lanes 1-4) and the purified fusion 
protein Trx-6His-p24 (lanes 5-8) separated by 10% 
SDS/PAGE were transferred to a Hybond C filter. The fil- 
ters were incubated with the four sera which had given in- 
consistent results by the ELISA and AGID, and were sub- 
jected to Western blot analysis as described previously 
[12]. 



this reactivity in Western blot analyses, noted in 
our study, could be explained by the loss of 
conformational epitopes CF, G, H) of gp51 follow- 
ing disruption by the denaturing conditions of 
SDS/PAGE analysis [17], The presence of bovine 
serum albumin and the insignificant amount of 
glycoproteins in the antigen preparation were 
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also considered as the factors contributing to the 
lack of immunostaining of gp51 in Western blots 
[14]. While in naturally infected animals anti-p24 
antibodies were found less frequently and at 
lower titres than anti-gp51, their detection by 
Western blot analysis was consistent, despite the 
use of crude BLV antigen containing both p24 and 
gp51 [6, 13]. This was in accordance with our 
Western blot analysis using both viral and recom- 
binant fusion antigens, although the immuno- 
staining with the latter was more clear. 

In conclusion, the immunobloting assay with re- 
combinant p24 fusion protein as an antigen, is an 
efficient confirmatory test for the presence of spe- 
cific antibodies in sera samples from BLV in- 
fected animals. Particularly in these cases when 
the animals may be considered negative because 
lack of the reaction with gp51. The fusion protein 
Trx-6xHis-p24 is expressed in E. coli as a soluble 
form at high concentration, circumventing the in- 
efficient production of the retroviral antigens 
from the cell cultures. Furthermore, the detection 
of anti-p24 antibodies could potentially distingish 
the naturally infected from vaccinated animals, if 
BLV envelope glycoproteins were used as an 
immunogen. 
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